Inability to recruit new adipose cells following weight gain leads to inappropriate enlargement of existing cells (hypertrophic obesity) associated with inflammation and a dysfunctional adipose tissue. We found increased expression of WNT1 inducible signaling pathway protein 2 (WISP2) and other markers of WNT activation in human abdominal s.c. adipose tissue characterized by hypertrophic obesity combined with increased visceral fat accumulation and insulin resistance. WISP2 activation in the s.c. adipose tissue, but not in visceral fat, identified the metabolic syndrome in equally obese individuals. WISP2 is a novel adipokine, highly expressed and secreted by adipose precursor cells. Knocking down WISP2 induced spontaneous differentiation of 3T3-L1 and human preadipocytes and allowed NIH 3T3 fibroblasts to become committed to the adipose lineage by bone morphogenetic protein 4 (BMP4). WISP2 forms a cytosolic complex with the peroxisome proliferator-activated receptor γ (PPARγ) transcriptional activator zinc finger protein 423 (Zfp423), and this complex is dissociated by BMP4 in a SMAD-dependent manner, thereby allowing Zfp423 to enter the nucleus, activate PPARγ, and commit the cells to the adipose lineage. The importance of intracellular Wisp2 protein for BMP4-induced adipogenic commitment and PPARγ activation was verified by expressing a mutant Wisp2 protein lacking the endoplasmic reticulum signal and secretion sequence. Secreted Wnt/Wisp2 also inhibits differentiation and PPARγ activation, albeit not through Zfp423 nuclear translocation. Thus adipogenic commitment and differentiation is regulated by the cross-talk between BMP4 and canonical WNT signaling and where WISP2 plays a key role. Furthermore, they link WISP2 with hypertrophic obesity and the metabolic syndrome. mesenchymal stem cells | adipogenesis
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mesenchymal stem cells | adipogenesis T he global epidemic of obesity is the major cause of the dramatic increase in type-2 diabetes (1). However, not all obese phenotypes are equally detrimental, and obesity characterized by an abdominal and intraabdominal fat accumulation is particularly harmful (2, 3) . Around 20-30% of obese individuals exhibit a normal insulin sensitivity and metabolic profile and, similarly, around 30% of nonobese individuals can be characterized as inappropriately insulin-resistant (2) (3) (4) . Thus, the fat mass per se is not the direct cause, but rather the associated dysregulated and inflamed adipose tissue accompanying enlargement of the adipose cells (hypertrophic obesity) (4) (5) (6) (7) (8) (9) . Hypertrophic obesity is a consequence of a reduced ability to recruit and differentiate new preadipocytes in the abdominal s.c. adipose tissue as shown in both in vivo and in vitro studies in humans (7, 10) .
Several animal models have provided evidence of the metabolic consequences of an impaired ability to store excess fat in the s.c. adipose tissue and to recruit new adipose cells. Lipoatrophy leads to insulin resistance and lipid storage in ectopic sites, and this is reversed by adipose tissue transplantation (11) . Overexpressing adiponectin in the adipose tissue in mice leads to morbid obesity but with hypercellular, rather than hypertrophic, adipose tissue and with maintained insulin sensitivity and metabolism (12) .
Abdominal obesity in humans is a marker of the metabolic syndrome (13) and is also associated with ectopic lipid accumulation in other sites, including visceral/intraabdominal fat and the liver, as a consequence of an inability to store excessive lipids in the s.c. depot (13, 14) . This inability seems to be even more pronounced in Asian Indian and Japanese ethnic groups; they become insulinresistant and preferentially accumulate intraabdominal and liver fat following a modest increase in body mass index (BMI) (15, 16) .
Canonical WNT regulates cell fate and differentiation and must be terminated to allow precursor cells to enter the adipose lineage (17) (18) (19) (20) (21) , and bone morphogenetic protein 4 (BMP4) has been shown to promote commitment of the early precursor cells (22, 23) . However, the molecular mechanisms regulating commitment of stem cells/precursor cells into the adipose lineage are currently unknown. We here show that canonical WNT and BMP4 signaling converge at the level of WNT1 inducible signaling pathway protein 2 (WISP2) and that this cytosolic and secreted molecule is a key regulator of adipogenic commitment and peroxisome proliferatoractivated receptor γ (PPARγ) activation by both inhibiting the nuclear targeting of the transcriptional activator zinc finger protein 423 (Zfp423) (24) and by inhibiting PPARγ activation through extracellular signals.
Results
WNT/WISP2 Is Activated in Hypertrophic Obesity. We first examined the expression of several WNT-regulated genes in the abdominal s.c. adipose tissue in relation to adipose cell size and abdominal waist circumference (i.e., hypertrophic obesity). WISP2 mRNA levels, a well-established marker of canonical WNT activation (23, 25) , correlated positively with adipose cell size (Fig. 1A) as well as waist circumference in 36 nondiabetic individuals. Insulin sensitivity, measured with the euglycemic clamp, was also negatively correlated with adipose cell size in these individuals, independent of obesity, supporting the idea that cell size is a better marker of insulin sensitivity than BMI (4) . Also other WNT-regulated genes, such as cyclin D1, correlated with fat cell size as well as with WISP2 mRNA levels. Significant correlations were also found for several other known WNT target genes (Fig. 1B) . Together, these results provide evidence for enhanced canonical WNT activation in the s.c. adipose cells in hypertrophic obesity.
Canonical WNT is mainly active in undifferentiated cells, and we also found WISP2 to be highly expressed in human mesenchymal stem cells, CD133
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containing stromal precursor cells but not in isolated mature adipose cells (Fig. 1C) .
WISP2 mRNA levels markedly decreased when we differentiated 3T3-L1 and human preadipocytes to adipocytes ( Fig. 1 D  and E) . However, the down-regulation of WISP2 following differentiation of both abdominal s.c. preadipocytes and CD133 + cells was markedly less in cells from individuals with hypertrophic obesity (Fig. 1F) , further supporting enhanced WNT/WISP2 activation in the stromal cells and inability to adequately suppress this pathway.
WISP2 Identifies the Metabolic Syndrome. We compared WISP2 expression in the s.c. and visceral adipose tissue in lean, overweight, and obese individuals with or without the metabolic syndrome. WISP2 expression was considerably (three-to fourfold, P < 0.001) higher in the abdominal s.c. than in the visceral adipose tissue and was further increased in obesity ( Fig. 2A) . Importantly, it was significantly higher in the abdominal s.c. adipose tissue in equally obese individuals fulfilling the criteria of the metabolic syndrome (P < 0.001) ( Fig. 2A) . In contrast, there was no significant difference in WISP2 expression in the visceral adipose tissue between these two groups ( Fig. 2A) . Consistent with this, WISP2 expression in the abdominal adipose tissue correlated significantly and positively with waist circumference and amount of intraabdominal fat and negatively with degree of insulin sensitivity measured with the euglycemic clamp (Fig. 2B ).
WISP2 mRNA levels in s.c. adipose tissue also correlated positively with waist circumference and intraabdominal visceral fat accumulation in newly detected and untreated subjects with type-2 diabetes (Fig. 2C) . Together, these data show that hypertrophic obesity with expanded abdominal adipose cells is associated with inappropriate WNT/WISP2 activation in s.c. fat together with abdominal obesity, accumulation of ectopic intraabdominal fat, and insulin resistance.
WISP2 Is a Secreted Adipokine Inhibiting Adipogenesis. We verified that Wisp2 is induced by β-catenin following the addition of the canonical Wnt3a ligand or a GSK3β inhibitor (SB 216763) (Fig.  S1A ). Wisp2 is highly expressed in undifferentiated cells and shows a predominant intracellular cytosolic distribution. However, it is also a secreted protein, as shown by expressing a myc-tagged Wisp2 in 3T3-L1 preadipocytes (Fig. S1B) .
We then characterized the effect of WISP2 as a secreted protein by adipose precursor cells by adding recombinant murine or human WISP2 to the medium of undifferentiated 3T3-L1 or human preadipocytes. Like Wnt3a (7), WISP2 increased the proliferation of both 3T3-L1 and human preadipocytes and also prevented their differentiation ( Fig. S1 C-E).
To examine its role in adipose cell differentiation, we stably transfected 3T3-L1 preadipocytes with a doxycycline-inducible shRNA because cell growth was reduced by adding siRNA to the medium. Knockdown (∼90%) of endogenous Wisp2 with doxycycline induced a marked and spontaneous (i.e., no differentiation mixture required) differentiation of the committed 3T3-L1 cells with activation of the c/ebpδ,, Pparγ, c/ebpα, aP2, and Glut4 genes ( Fig. 3 A and B) .
To further validate the role of Wisp2 as a mediator of canonical Wnt and its inhibitory effect on adipogenesis, we added Wnt3a or Wisp2 to control and Wisp2 shRNA 3T3-L1 cells. As expected, Wnt3a completely prevented differentiation of control cells but not in cells lacking Wisp2, whereas adding rmWisp2 to these cells markedly reduced their differentiation (Fig. 3C) . Similarly, the well-established ability of TNFα to inhibit adipogenesis was prevented by down-regulating Wisp2 with shRNA ( Fig. 3C ), clearly documenting that this cytokine can inhibit adipogenesis in preadipocytes through Wnt activation (19, 20) .
We then examined the effect of WISP2 on adipogenic differentiation of human mesenchymal stem cells. Addition of rhWISP2, like Wnt3a, markedly reduced the ability of human mesenchymal stem cells (hMSCs) to enter the adipogenic pathway ( Fig. 3D) and induction of adipose genes (Fig. 3E) . Thus, WISP2, like Wnt3a, can prevent the differentiation of both stem cells and committed preadipocytes to mature adipose cells. This inhibitory effect of WISP2 and Wnt3a on PPARγ activation was not due to an increase in the recently described inhibitory serine 273 phosphorylation of PPARγ (26). The specific receptor for WISP2 is currently unknown but, like canonical WNT ligands, recombinant WISP2 induced phosphorylation of the WNT coreceptor LRP5/6 (Fig. 3F ). Thus, it is possible that WISP2 signaling also involves the Frizzled receptors/LRP 5/6 pathways. WISP2 Inhibits Adipogenic Commitment by BMP4. To understand the mechanisms whereby WISP2 inhibits adipogenic differentiation, we characterized the effect in both the committed 3T3L1 preadipocytes as well as in the uncommitted NIH 3T3 fibroblasts. NIH 3T3 fibroblasts lack responsiveness to PPARγ ligands and have a poor adipogenic potential and are, therefore, a good model to examine effects on adipogenic commitment.
We first explored the possibility that WISP2 is able to cross-talk with BMP4, a well-recognized inducer of precursor cell commitment to the adipose lineage and of PPARγ activation (22, 23) .
Knocking down Wisp2 by itself induced Pparγ activation in both 3T3-L1 preadipocytes and NIH 3T3 fibroblasts (Fig. 4A ). This effect was equal to or greater than the effect of adding BMP4 to wildtype cells (Fig. 4A) . Furthermore, the effect of BMP4 was dramatically amplified in both cells when Wisp2 also was reduced (Fig.  4A) . A similar effect was seen for the Pparγ-regulated genes aP2, Glut4, and adiponectin (Fig. 4A) . Adding the PPARγ ligand rosiglitazone alone had no effect in NIH 3T3 wild-type cells but dramatically increased the activation of the Pparγ-regulated genes in both NIH 3T3 and 3T3-L1 Wisp2 siRNA cells, further documenting the increased Pparγ activation and responsiveness to the ligand (Fig. 4A) . Taken together, these results show that Wisp2 cross-talks with BMP4 and its ability to induce adipogenic commitment and Pparγ activation in uncommitted NIH 3T3 fibroblasts as well as in committed 3T3-L1 preadipocytes.
WISP2 Inhibits Zfp423 Nuclear Translocation by BMP4. Zfp423 was recently shown to be a transcriptional activator of Pparγ and inducer of adipogenic determination (24) . To characterize the possibility that Wisp2 cross-talks with Zfp423, we knocked down this transcriptional activator together with Wisp2. Interestingly, this completely prevented the induction of Pparγ and associated adipogenic genes (Fig. 4B) following Wisp2 siRNA in both NIH 3T3 cells and in 3T3-L1 cells (Fig. 4B) . Furthermore, the ability of BMP4 to activate Pparγ expression was completely inhibited in NIH 3T3 cells and also markedly reduced in 3T3-L1 cells, as was the effect of rosiglitazone on aP2 induction (Fig. 4B) . These results clearly confirm that Zfp423 is critical for Pparγ activation and show that Wisp2 interacts with this molecule as well as with the ability of BMP4 to induce Pparγ activation.
We then explored the possibility that Wisp2 is associated with Zfp423 in a BMP4-regulated manner by performing coimmunoprecipitation experiments following expression of myctagged Wisp2 and Flag-tagged Zfp423. The use of a tagged protein was necessary because our currently available antibodies do not allow good immunoprecipitations of Wisp2. As shown in Fig. 4C , Wisp2 was coimmunoprecipitated with Zfp423 under nonstimulated conditions whereas this was dissociated by adding BMP4. Furthermore, adding the BMP4 inhibitor, Noggin, prevented the ability of BMP4 to dissociate the Wisp2/Zfp423 complex. To further verify this concept, we examined the adipogenic differentiation of NIH 3T3 cells under these same conditions. As shown in Fig. 5A, BMP4 had a small effect in wild-type NIH 3T3 cells, whereas knocking down Wisp2 alone induced a clear adipogenic effect on differentiation consistent with the Pparγ activation (Fig.  4 A and B) . However, adding BMP4 had a dramatic adipogenic effect in Wisp2 siRNA cells, and this effect was completely inhibited by also knocking down Zfp423 (Fig. 5A) . These results are consistent with the gene expression patterns (Fig. 4 A and B) .
Taken together, these results show that BMP4 dissociates the Wisp2/Zfp423 cytosolic complex and that either knocking down Wisp2 alone (Fig. 4 A and B) or overexpressing Zfp423 (24) (Fig.  4D) induces Pparγ and adipogenesis similar to the effect of adding BMP4, whereas the effect of BMP4 was dramatically amplified when Wisp2 also was reduced (Fig. 4 A and B) .
We then examined the potential role of the SMAD sequences in Zfp423 for BMP4 activation of PPARγ, as reported by Gupta et al. (24) , by overexpressing a SMAD mutant protein in NIH 3T3
fibroblasts. Overexpressing the SMAD mutant of Zfp423 in Wisp2-expressing cells completely inhibited the effect of BMP4 on Pparγ induction (Fig. 4D) . In contrast, BMP4 markedly increased PPARγ activation when the SMAD mutant was expressed in cells with wisp2 siRNA (Fig. 4D) . Furthermore, overexpressing this mutant alone increased Pparγ activation to a similar extent as wild-type Zfp423, showing that it was indeed capable of activating Pparγ. Thus, the SMAD sites in Zfp423 are critical for the dissociation of the Wisp2/Zfp423 complex by BMP4 but not for the ability to increase Pparγ activation.
This concept was further corroborated by the findings that the SMAD mutant also bound to Wisp2 but it was not dissociated by BMP4 in Wisp2-expressing cells (Fig. 4C) , consistent with the inhibited effect of BMP4 to activate PPARγ in these cells (Fig. 4D) .
Because Zfp423 is a transcriptional activator of Pparγ (24)), we analyzed the possibility that BMP4-induced dissociation of the Wisp2/Zfp423 complex also allowed the nuclear translocation of Zfp423 in NIH 3T3 cells. As shown in Fig. 5B , Zfp423 nuclear targeting was increased by BMP4 in wild-type cells but this effect was dramatically amplified by knocking down Wisp2. These results are consistent with the effects seen on Pparγ activation (Fig. 4 A and  B) and ability of the cells to undergo adipogenesis (Fig. 5A) .
Because Wisp2 is both a cytosolic and a secreted protein, we next examined the effect of BMP4 in scrambled and Wisp2 siRNA NIH 3T3 fibroblasts overexpressing a mutant Myc-tagged Wisp2 protein lacking the endoplasmic reticulum (ER) signal sequence, thus preventing its secretion. As shown in Fig. 5C , the effect of BMP4 on PPARγ activation was almost completely inhibited by expressing the mutant Wisp2 protein in Wisp2 siRNA cells, supporting the key role of intracellular Wisp2 in regulating BMP4-induced adipogenic commitment. Fig. 5D documents the cellular expression of the mutant Myc-Wisp2 protein, and we also verified that this protein was not recovered in the incubation medium, in contrast to full-length Myc-Wisp2 (Fig. S1B) .
Adipogenic Differentiation, but Not Commitment, also Requires Inhibition of Extracellular Wnt/Wisp2. We further characterized the cross-talk between BMP4 and Wnt/Wisp2 to ascertain that Wisp2 or Wnt3a did not have an inhibitory effect on BMP4 signaling measured as pSMAD 1/5/8 activation in NIH 3T3 cells, but no such interaction was seen (Fig. S2A) . We also examined whether BMP4-induced commitment with Zfp423 nuclear translocation inhibited Wisp2 expression as a marker of inhibition of canonical Wnt activation. However, there was no effect of BMP4 on Wisp2 mRNA levels (Fig. S2B) . Thus, BMP4 induces commitment by dissociating the Zfp423/Wisp2 complex but does not induce full adipogenic differentiation under concurrent Wnt/Wisp2 activation, as suggested by the small effect of BMP4 on PPARγ activation (Fig.  4A ) and on differentiation of wild-type NIH 3T3 cells (Fig. 5A) .
To further examine this, we exposed the NIH 3T3 Wisp2 siRNA cells to BMP4 in the presence or absence of added Wnt3a/Wisp2 ligands to examine whether commitment, as defined by the targeting of Zfp423 to the nucleus, was still possible in these cells. As shown in Fig. S2C , BMP4 still targeted Zfp423 to the nucleus in the presence of Wnt3a or recombinant Wisp2 in the medium, although differentiation (Fig. 3C) , like the Pparγ and aP2 genes (Fig. 4A) , remained inhibited. These results indicate that extracellular Wnt/ Wisp2 also exert a direct inhibitory effect on Pparγ activation that is not overcome by only targeting Zfp423 to the nucleus with BMP4. This concept is further supported by our finding of a direct inhibitory effect of both Wisp2 and Wnt3 on PPARγ activation in reporter assays (Fig. S2D) .
BMP4 Activates the ZFP423 Gene and Nuclear Translocation in Human
Cells. We first verified that WISP2 knockdown in human preadipocytes with siRNA promotes their differentiation. This was also the case because FABP4 was markedly increased but human preadipocytes did not undergo spontaneous differentiation like the 3T3-L1 cells because these cells require an exogenous PPARγ ligand, indicating that they, unlike 3T3-L1 adipocytes, cannot produce an endogenous ligand.
We then examined the effect of WISP2 siRNA and BMP4 on nuclear translocation of ZFP423. As shown in Fig. S3A , both WISP2 siRNA and BMP4 increased nuclear ZFP423, as in NIH 3T3 fibroblasts. However, the interindividual differences of this effect of BMP4 in cells from six subjects were quite large, probably a consequence of the presence of both committed and uncommitted cells in the human stromal vascular cell pool. Importantly, we also noted that BMP4 in the culture medium increased ZFP423 mRNA levels two-to fourfold (Fig. S3B) , which is similar to what was seen in NIH 3T3 cells (two-to fivefold after 48-72 h in Wisp2 siRNA cells).
Taken together, these data show that canonical WNT activation, through WISP2, is a supreme regulator of PPARγ in both murine and human preadipocytes and that this is exerted at two different levels, involving both commitment and differentiation, as schematically illustrated in Fig. 6 .
Discussion
These results clearly show that canonical WNT remains inappropriately activated in the stromal cells in hypertrophic obesity and this is also associated with inhibited normal precursor cell recruitment and differentiation to new preadipocytes. Intriguingly, we have recently shown that hypertrophic obesity is associated with a genetic predisposition for type-2 diabetes, but not for obesity itself (9, 27, 28) , thus providing a mechanism for the well-established association between insulin resistance and heredity for type-2 diabetes. Furthermore, these results suggest an important role of genetic factors for canonical WNT activation in hypertrophic obesity. To what extent this is associated with the TCF7L2 or other risk genotypes (29) is under investigation.
We show here that WISP2 is both a cytosolic and a secreted protein that prevents adipogenic commitment and PPARγ-induced differentiation through at least two major mechanisms; one is by retaining Zfp423, a key transcriptional activator of Pparγ (24) , in the cytosol, and this complex becomes dissociated by BMP4, allowing nuclear import of Zfp423 and cell commitment to the adipose lineage. This is the key mechanism whereby BMP4 induces adipogenic commitment, as shown in the studies in which a nonsecreted WISP2 protein was expressed. Interestingly, BMP4 was also able to increase ZFP423 gene activation, adding another layer of cross-talk in promoting adipogenic differentiation. The other mechanism is through WISP2 secretion and extracellular canonical WNT/WISP2-related signals whereby PPARγ activation is reduced. Clearly, commitment through BMP4 signaling is still possible because neither WISP2 nor WNT3a inhibited BMP4-mediated pSMAD1/5/8 activation or the nuclear targeting of ZFP423. Inhibition of secreted WNT/WISP2 is likely to occur through the induction of the secreted inhibitors of WNT including WIF, SFRP 1/2, or DICKKOPF 1/2 (30). DICK-KOPF 1 (DKK1) is particularly interesting because we have recently shown that it is both a marker and a mediator of excellent adipogenic differentiation of human precursor cells (31) . Furthermore, the marked impairment of precursor cell differentiation in hypertrophic obesity is overcome by adding both DKK1 and BMP4 (31) .
It is currently unclear how these secreted inhibitors of canonical WNT/WISP2 are regulated and activated. We have found that PPARγ ligands can increase Dkk1 secretion in 3T3-L1 cells (32) . However, this occurs quite late and when Pparγ already is induced and cannot account for terminating the concurrent Wnt activation, which would be required. This is obviously an area of great interest for ongoing research. However, once expressed and active, Pparγ activation by endogenous or exogenous ligands is able Fig. 6 . Schematic illustration of the interactions between BMP4 and WNT signaling. WISP2 is highly expressed in mesenchymal precursor cells and prevents PPARγ activation by binding ZFP423 in the cytosol. BMP4 induces SMAD1/5/8 phosphorylation, which interacts with the SMAD binding sites in ZFP423, dissociates the WISP2/ZFP423 complex, and allows ZFP423 nuclear entry for PPARγ activation. This allows cellular commitment but overall differentiation is also regulated by extracellular WNT/WISP2, which prevents PPARγ activation through still unclear mechanisms.
to further cross-talk with the canonical Wnt pathway because it enhances beta-catenin degradation and, thus, plays an important role in maintaining Wnt inhibition and the adipocyte differentiated state (21, 33) .
Interestingly, canonical Wnt activation is also able to cross-talk with insulin signaling and action. We have previously reported that Wnt activation reduces glucose transport in response to insulin as well as impairs IRS1 phosphorylation and downstream Akt phoshorylation by insulin in adipose cells (21) . Furthermore, it was recently shown that the liver became insulin-resistant and that gluconeogenesis was enhanced by Wnt activation (34) . Thus, Wnt activation not only regulates adipogenic commitment and cell differentiation but can also induce insulin resistance, another key property of hypertrophic obesity and the metabolic syndrome.
Only one previous study has been performed with Wisp2 and its effect on adipogenesis. In that study, overexpressed Wisp2 in 3T3-L1 cells only induced a stimulating effect on proliferation but no inhibition of differentiation (35) . The reason for this negative finding is unclear, not least because stimulation of proliferation usually impairs adipogenic differentiation. However, it is possible that the expressed Wisp2 was not secreted, which would preclude the extracellular inhibitory signals, or that the expressed protein did not bind cytosolic zfp423, as shown here. We have validated our results in several cell lines, including hMSC, and also shown the opposite effects by inhibiting endogenous Wisp2 expression in the cells.
A recent proteomics study also found WISP2 to be secreted by human adipose tissue (36) , confirming our present results and supporting WISP2 as a novel adipokine. To what extent WISP2 can be involved in other effects and signaling of BMP/TGFβ ligands in adipogenic and other cells is currently under investigation. Interestingly, it was recently reported that WISP2 reduced epithelial-mesenchymal transformation in MCF7 breast cancer cells (37) , suggesting that the TGFβ superfamily may be a target for WISP2 actions.
Taken together, our results show that canonical WNT signaling inhibits adipogenic commitment and differentiation through WISP2, which retains ZFP423 in the cytosol and, as a secreted molecule, also elicits an extracellular signaling pathway that can inhibit PPARγ activation. Furthermore, as a secreted molecule, WISP2 can probably exert both autocrine and paracrine (and possibly endocrine) regulation and be an important adipokine mediating cross-talk between the adipose tissue and other cells.
These findings identify WISP2 as a potential target for drug development. Specific inhibition of WISP2 would allow recruitment and differentiation of new preadipocytes following weight gain and, thereby, adequate storage of excess lipids in the s.c. tissue rather than the accumulation of ectopic fat and the development of insulin resistance and the metabolic syndrome.
Materials and Methods
Biopsies of human adipose tissue were obtained from the s.c. and visceral depots from 89 carefully phenotyped individuals for qRT-PCR mRNA analyses of WISP2 and other genes and for protein analyses. The study protocols were approved by the Ethics Committees of the University of Gothenburg, University of Kuopio, and Charles University and were in accordance with the Declaration of Helsinki. Cellular proteins were extracted and subjected to PAGE separation and immunoblotting. Immunoprecipitations of tagged proteins were performed following expression of myc-Wisp2 and Flag-Zfp423 and after incubating the cells with 40 ng/mL BMP4 and 100 ng/mL Noggin as shown.
Wisp2 was stably knocked down with doxycycline-inducible shRNA in 3T3-L1 preadipocytes or transiently with siRNA in NIH 3T3 fibroblasts and 3T3-L1 preadipocytes. Immunofluorescence of Zfp423 was examined in a Leica SP5 confocal microscope following permeabilization and incubation with specific antibodies following the indicated preincubations. Lipid accumulation was visualized with Oil Red O staining.
More complete information is given in SI Materials and Methods.
